An accurate assessment of 'progression' from a low (LSIL) to high (HSIL) grade squamous intraepithelial lesion (cervical intraepithelial neoplasia (CIN)2 or CIN3) of the cervix is critical to ascertaining HSIL outcome risk, the value of predictive biomarkers, and the need for excisional therapy. We obtained biopsy outcome data on a series of initially diagnosed LSIL to assess this risk. Consecutive biopsy diagnoses of LSIL were obtained from the archives, and the frequency of HSIL biopsy outcomes were ascertained by record and histological review. Then, a 'numerical severity score' was recorded for each diagnosis: LSIL (1-2), CIN2 (3-4) and CIN3 (5-6) with lower and higher values corresponding to the degree (low vs high) of histological severity within each category, respectively. Of 264 initial LSILs, 29 (11%) were reported with an HSIL outcome. However, histological review of 21 of these HSILs confirmed only 8 (38%) HSIL diagnoses by review with the numerical severity score: three cases scored as 5, three cases scored as 4, and two cases scored as 3; the remaining 13 cases were assigned a numerical severity score of 1 or 2. P16 immunostains of corresponding previous and subsequent biopsies were discordant in 4 of 12 cases (33%). In a blind review of a randomly selected series of HSILs from the same practice, HSIL was significantly more likely to be confirmed on re-review (10 of 13 (77%), P ¼ 0.024). These findings show that confirmed HSIL outcomes (on review) following an LSIL biopsy are infrequent (B3%). A diagnosis of HSIL following an LSIL should always be reviewed, as this diagnostic pairing may more likely be associated with a diagnostic error. Histological evaluation remains the basis for treatment and follow-up of women with cervical intraepithelial neoplasia (CIN). The fundamental premise for treating or following young women with CIN hinges on the risk of an eventual outcome of CIN2 or CIN3 (high-grade squamous intraepithelial lesion or HSIL), diagnoses for which management by cone biopsy or LEEP will be required.
Histological evaluation remains the basis for treatment and follow-up of women with cervical intraepithelial neoplasia (CIN). The fundamental premise for treating or following young women with CIN hinges on the risk of an eventual outcome of CIN2 or CIN3 (high-grade squamous intraepithelial lesion or HSIL), diagnoses for which management by cone biopsy or LEEP will be required. 1 Hence, the progression rate from CIN1 to CIN2 or CIN3 is germane to conservative management of low-grade squamous intraepithelial lesions (LSILs) (CIN1 or condyloma). In a review by Ostö r 2 summarizing the findings of studies dealing with progression of CIN since 1950, the composite data indicated that the likelihood of progression from CIN1 to CIN3 was B10%. In a recent study by Pretorius et al 3 , the subsequent risk of CIN3 or cancer after a colposcopic diagnosis of CIN1 or less was found to be 1.9%, a rate that is lower than the Ostö r study. In a study from the ALTS trial, Cox et al 4 showed that a biopsy diagnosis of CIN1 was equivalent to a negative colposcopic biopsy following an HPVpositive smear showing LSIL or ASCUS, despite that fact that 11-13% of cases were followed by an HSIL outcome within 2 years. Thus, although these studies compute different rates of HSIL outcome, they convey the impression that CIN1 carries a risk level that requires follow-up.
Precisely determining which CIN1 cases will progress to CIN2 or CIN3 has been a focus of study. Investigators have attempted to identify biomarkers of risk that would enrich the CIN1 population for those in need of ablative therapy. Conversely, those excluded by a biomarker analysis conceivably could be spared increased scrutiny. Two biomarkers that have received attention include Ki-67 and P16. [5] [6] [7] Investigators have proposed that the use of these and other biomarkers can help identify which lowergrade lesions will progress over time. 8, 9 For example, in a study examining p16, Negri et al 10 reported that CIN1 cases with diffuse p16 staining had a significantly higher tendency to progress to a highgrade lesion than p16-negative cases. Hence, they recommended p16 as a useful surrogate marker for progression likelihood.
We and others have previously shown that during intervals of follow-up, alterations in histopathological grade are not uncommon, and are not always resolved within the context of the same HPV infection. [11] [12] [13] Moreover, in young women, HPV infections fluctuate widely over time, explaining further the differences in morphology observed in biopsies taken over a long interval.
14 These realities are compounded further by the fact that the reproducibility of a diagnosis of CIN2 will vary between different observers. Thus, documenting 'progression' requires both accurate diagnoses for the initial and subsequent biopsies, as well as ensuring that the initial and outcome biopsies reflect the same biological process. 15 The purpose of this study was to address this issue by examining the rate of CIN2 or CIN3 outcome following a histological diagnosis of LSIL (CIN1), including a critical review of the original and outcome diagnoses, and comparison of p16 immunostaining in the two. The intention was to ascertain what factors contribute to perceived histological 'progression' of LSIL to HSIL.
Materials and methods
Consecutive cases of LSIL based on biopsy diagnosis were obtained from the archives of the Division of Women's and Perinatal Pathology at Brigham and Women's Hospital, Boston, MA, USA. Pathology and cytology records were reviewed with attention to those with a subsequent HSIL (CIN2 or 3) diagnosis based on biopsy, LEEP, or cone material. In all such cases in which an HSIL outcome was documented, the initial and subsequent pathology was blindly rereviewed by a single observer, and diagnoses were confirmed or re-classified as LSIL (CIN1) or HSIL (CIN2 or CIN3) using published criteria. 16, 17 To account for nuances in interpretation of lesion grade, a 'numerical severity score' was recorded for each case, with the lower number reflecting less and the higher number more severe histological change within a given grade. Numerical severity scores were as follows: LSIL (1-2), CIN2 (3-4), and CIN3 (5-6), again with lower and higher values corresponding to the degree (low vs high) of perceived histological severity within each category, respectively. For reference, 53 consecutive biopsy diagnoses from outside the study in which the pathology report noted an abnormality were also blindly reviewed. The reason for this added review is discussed in the Results section below.
Where tissue was available, blocks were re-cut and sections were immunostained for p16 as previously described. 7 The staining patterns were scored based on the parameters described by Keating et al 7 ; positive if continuous staining was seen in the horizontal plane, either partial or full thickness. If the staining was interrupted in this plane so that o80% of the epithelium stained positive, the staining was scored as patchy or focal. Weakly diffuse staining or no staining was scored as negative.
Parameters scored included frequency of HSIL outcome, agreement with the previously recorded diagnosis, numerical severity score, and p16 immunostaining patterns.
Results
Of the 264 consecutive biopsy cases of LSIL reviewed, 29 (11%) were associated with a subsequent HSIL diagnosis, and material for review (both initial and subsequent cases) was available in 24 of these cases. The follow-up period was 1 month to 5 years. Table 1 summarizes the pathology reviews. SIL was confirmed in all initial biopsies with 22 confirmed LSILs (3 with numerical severity score ¼ 2, 19 with numerical severity score ¼ 1); 2 initial cases were re-classified as CIN2 (1 with numerical severity score ¼ 3 and 1 with numerical severity score ¼ 4) and were therefore excluded from the follow-up calculations. For the group of 22 initial biopsies with a confirmed LSIL diagnosis on re-review, follow-up samples were available in 21. Of these, eight (38%) were confirmed as HSIL (CIN2 or CIN3) on review (three with numerical severity score ¼ 5; three with numerical severity score ¼ 4; and two with numerical severity score ¼ 3); the remaining thirteen cases were re-classified as LSIL (see examples in Figure 1 ). Twelve cases were originally classified as CIN2 (three cones/LEEPs and nine biopsies) with only eleven available for review: only two were confirmed as HSIL (CIN2), each with a numerical severity score of 3 ( Table 1) . Six of these eleven CIN2 cases were re-classified as LSIL with a numerical severity score of 2, and three additional re-classified cases had a numerical severity score of 1. Essentially, the histological grades of over 60% of cases with a reported HSIL outcome could not be readily distinguished from the initial biopsy in the severity of grade.
To determine whether the low level of agreement between original and reviewed outcome biopsy diagnosis (8 of 21 or 38%) reflected the pathology practice as a whole, 53 consecutive cases with a history of an abnormal cytology were pulled from the files and reviewed without knowledge of the diagnosis or proportion that were either LSIL or HSIL. In this group, 13 had an original diagnosis of HSIL (CIN2 or CIN3). On review, agreement with this diagnosis was achieved in 10 cases (77%). The difference in rate of HSIL confirmation between the two groups ('progression' study vs random; 38 vs 77%) was significant at P ¼ 0.024 (Fisher's exact test) ( Table 1) .
Immunostains for p16 were performed on 12 corresponding sets of cases and are summarized in Table 2 . Of the twelve initial and follow-up biopsy pairs, eight displayed identical staining patterns; the remaining four cases were distinctly different in staining distribution (Figure 2) . Of the latter, three displayed negative staining on initial biopsies and diffuse positive staining on subsequent/follow-up material. Two cases show diffuse positive staining on initial biopsies and focal and negative staining patterns on follow-up material, respectively.
Discussion
Several findings in this study call into question the assumption that progression from LSIL to HSIL is a common event. First, as demonstrated in previous studies, HPV types can fluctuate over time, leading to the false impression that a given LSIL (or HSIL) has actually progressed (or regressed) to a higher-(or lower) grade lesion, respectively. 12 Detailed HPV testing data on women who have been followed with a biopsy-confirmed HSIL have shown shifts in HPV type over time. 12 In a significant percentage of cases in which HSIL was followed by an LSIL outcome biopsy, additional HPV types emerged or replaced the original, implying that HSILs do not actually regress in severity but are replaced by new lesions. Similarly, the impression that an LSIL has actually progressed to HSIL can be erroneous if the latter signifies a new lesion with a completely different HPV type. The differences in p16 immunostaining in four of the twelve initial and follow-up biopsy pairs in this study imply that a new lesion arose following the initial biopsy that could be associated with a different HPV type. This assumption is based on the fact that distinctly different HPV types or groups produce diffuse vs patchy p16 immunostaining. 7 The most compelling observation in this study was the difference in interpretation of SIL grade between the original and second observers, particularly on outcome biopsy or LEEP, emphasizing both an obvious and a more subtle issue that must be addressed in determining whether an HSIL outcome has occurred. The first and central issue is the reproducibility of a diagnosis of CIN2. Some reports have argued that CIN2 is poorly reproduced and have even suggested that CIN2 is an entity that does not fit well within the HSIL spectrum. 18 However, the more compelling argument has been that the above discrepancy is much more likely for a single observer. 19 In contrast, when the diagnosis of CIN2 requires agreement by two or more observers, its association with HPV16 nucleic acids is more than 40%, and exceeds 60% when coupled with a concurrent HSIL cytology. 20 On the basis of this, we have recommended previously that all CIN2 diagnoses in a practice be verified by another observer before reporting this diagnosis, given the greater likelihood that the patient will undergo a LEEP and the questionable need for LEEP when the diagnosis is not certain, particularly in young women. 20 The second and less obvious issue, but one that may have important implications for both patient management and research studies, is the distinct possibility that follow-up diagnoses of HSIL following an LSIL biopsy are more likely to reflect a diagnostic error when reviewed by a single individual. As shown in previous reports, the rate of cancer following an LSIL diagnosis is so sufficiently low (B1%) that any follow-up diagnosis of cancer in this circumstance would prompt both the review of the original biopsy and the outcome diagnosis of malignancy. 2 The likelihood that one of the diagnoses was in error would be presumed to be higher than if the initial and outcome diagnoses were HSIL and cancer, respectively, as the latter two diagnoses have a strong etiological link. In this study, the high level of nonconfirmed HSILs in the LSIL follow-up study (71%) was significantly higher than that seen in randomly reviewed HSILs from the practice (38%). This suggests that similar to the aforementioned example of cancer following an LSIL biopsy, there is significant risk that an HSIL diagnosis following an LSIL biopsy is a diagnostic error and should be reviewed by an additional observer. Less likely is that the initial LSIL biopsy is an undercalled HSIL (CIN2), which only happened in 2 of the 24 cases reviewed (8%). In this study, all the histological diagnoses were not reviewed, but the outcome rate of verified HSIL following a diagnosis of LSIL could be estimated at 3% (8 of 264), which is in line with the report of Pretorius et al.
12
As in any study of this type, the issue of sampling error must be addressed. Detailed entry cytological data are not available in all cases and it is conceivable that as many as 25% of the LSIL biopsies in this study followed an HSIL smear. When this is the case, an eventual HSIL outcome has been recorded in B30%. 21 However, the impact of such an occurrence would seem minimal given the overall low frequency of HSIL biopsy outcomes. The ultimate risk of CIN3 cannot be determined in this population. The risk following LSIL cytology in older women has been estimated at o2% by some; nevertheless, periodic follow-up would be advised. 22 In summary, the most likely explanations for 'progression' from LSIL to HSIL, based on record and histological review, are, in increasing frequency, (1) actual progression, (2) underdiagnosis of HSIL on initial biopsy, (3) change in HPV type over time (based on p16 stain discrepancy), and (4) overdiagnosis of HSIL on follow-up biopsy/cone. The possibility of the latter circumstance is accentuated when the follow-up diagnosis is CIN2. The unu- Figure 2 P16 immunostains of initial and subsequent/follow-up specimens. Panels (a-d) show H&E and p16 stains from a set with discrepant p16 immunostain patterns. The initial biopsy (a) has numerical severity score of 1 with a negative p16 immunostain, whereas the subsequent specimen (c) has numerical severity score of 2 with a positive p16 immunostain (d). Panels (e-h) show H&E and p16 stains from a set with similar p16 immunostaining pattern. Panel (e) represents the initial biopsy and (g) represents the subsequent specimen.
sually high percentage of apparent overdiagnosis of HSIL outcomes underscores the uncertainty of this diagnosis in the setting of a previous LSIL. Histological re-review of any case perceived by one observer to have progressed to CIN2 or CIN3 is important to determine with the greatest precision so as to guide who will require LEEP or cone biopsy, and is germane to any study in which conclusions are based on an interpretation of the outcome biopsy.
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